Previous findings suggest that the Big-Five factor structure is not guaranteed in samples with lower educational levels. The present study investigates the Big-Five factor structure in two large samples representative of the German adult population. In both samples, the Big-Five factor structure emerged only in a blurry way at lower educational levels, whereas for highly educated persons it emerged with textbook-like clarity. Because well-educated persons are most comparable to the usual subjects of psychological research, it might be asked if the Big Five are limited to such persons. Our data contradict this conclusion. There are strong individual differences in acquiescence response tendencies among less highly educated persons. After controlling for this bias the Big-Five model holds at all educational levels.
Introduction
In personality psychology, most research is based on samples of college students, especially undergraduates taking a course in psychology. This narrow subject population leads to the question of the extent to which the findings from such studies can be generalized to a broader population. Expressed in a more formal way: Are multiitem personality inventories transportable in the sense of measurement equivalence over subsamples of the population? If measurement equivalence (Drasgow & Probst, 2004; Vandenberg & Lance, 2000) does not hold for specific subsamples, it becomes dubious to compare the scale scores of persons from these different subsamples, because their scores are indicators of constructs that differ in terms of their structure and, thus, ultimately also in their meaning.
Over the last two decades, the Big-Five factors have become the most prominent model for describing the structure of personality traits. The Big Five have been found to replicate across different methods of data collection such as self-ratings, peer ratings, and behavioral descriptions, as well as across at least some different languages and cultures. However, personality research is still largely based on the typical ''psych 100" student samples, which suggests that test norms may be inappropriate for other samples of individuals. Moreover, even the assumed five-factor structure may not hold in general. Indeed, several researchers investigating the Big Five in samples other than undergraduate populations using standardized and well-established inventories found that the five-factor structure did not replicate in their data sets (e.g., Körner, Geyer, & Brähler, 2002; Lang, Lüdtke, & Asendorpf, 2001; Mõttus, Allik, & Realo, 2007; Rolland, Parker, & Stumpf, 1998; Tokar, Fischer, Snell, & Harik-Williams, 1999; Toomela, 2003a) . Table  1 provides an overview of the samples investigated and the instruments assessed in these studies, as well as the findings. As can be seen from the table, a variety of different well-established Big Five questionnaires such as the NEO Personality Inventory (NEO PI-R; Costa & McCrae, 1992) , the NEO Five Factor Inventory (NEO-FFI; Costa & McCrae, 1989) , or the Big Five Inventory (BFI; John, Donahue, & Kentle, 1991; John & Srivastava, 1999) were used as measures of the Big Five in these studies. Moreover, because results not supporting the assumed model are less likely to be published, the studies presented in Table 1 could be just the tip of an iceberg of similar findings. In the present study, we investigate the structure of a Big-Five factor marker in subsamples that vary in their educational level. If the five-factor structure does not replicate in population-representative samples, it may nevertheless still hold in subsamples of persons with a higher educational background.
Specifically, in the present study we investigate whether the five-factor structure replicates in other than student populations, namely in samples that are representative of the general population. Therefore, we analyze the factor structure of a Big Five measure in two large data sets, both of which are representative of the general German adult population, allowing us to cross-validate our results simultaneously. 
Individual differences in response bias

Controlling for response bias
One method to control for individual differences in acquiescence response tendencies is to compute each individual's mean across all items, subtract that mean from each response, and then analyze these ''deviation" scores.
1 An alternative and more common procedure is to ''ipsatize" the responses of each individual by using standard (z) scores (dividing an individual's deviation scores by the standard deviation of those scores), and thus simultaneously controlling for individual differences in both means and dispersions. With ipsatized data, every participant has the same mean and standard deviation across the total item pool, although individual differences in profile shape remain. In the present study, we compared both methods of controlling for individual differences in response bias.
We hypothesize that the usual Big-Five factor structure may not hold well in samples that represent the population of an entire country and, in particular, it is expected not to hold for samples of persons with lower educational levels. Moreover, we hypothesize that lower educated persons will have a stronger tendency for acquiescence response bias. Finally, when statistically controlling for acquiescence, we hypothesize that the Big Five structure can be replicated in all educational subsamples.
Methods
Samples and procedure
Analyses are based on the German surveys of the International Social Survey Program (ISSP) conducted in 2003/2004 and in 2005/ 2006 , respectively. The ISSP household surveys were conducted together with the 2004 and 2006 versions of the German General Social Survey (ALLBUS). The ALLBUS was administered as a 45-min face-to-face interview, and the ISSP was a drop-off questionnaire to be completed by the respondents on their own after the personal interviews. The interviewer remained in attendance and collected the completed forms.
The ISSP survey was based on a representative sample of German adults (age P 18) living in private households in Germany. Foreigners residing in Germany and able to complete the questionnaire in German were included. The sample was drawn in a two-stage design from official registers of inhabitants kept by municipalities throughout Germany. First, the communities and sample points were selected randomly, and then individuals were randomly selected from each sampling point. Full details of the sampling are presented in the methods report on ALLBUS 2004 and ALLBUS 2006 , respectively (Haarmann, Scholz, Wasmer, Blohm, & Harkness, 2006 Wasmer, Scholz, & Blohm, 2007) .
Sampling and data collection were conducted by a commercial vendor (TNS-Infratest). Participation in the study was voluntary and not financially rewarded. The response rate was 41% both in 2004 and in 2006. Compared to the German Microcensus (Statistisches Bundesamt, , 2007 ) the resulting samples were slightly biased with regard to the same socio-demographic char- 
Questionnaire
The BFI-10 ( Rammstedt & John, 2007) is an abbreviated version of the well-established Big Five Inventory (BFI; John et al., 1991;  see also Benet-Martínez & John, 1998; John & Srivastava, 1999;  for the German version see Lang et al., 2001; Rammstedt, 1997) , consisting of ten of the 44 standard BFI items. It assesses the Big Five with two items per factor, one keyed in the positive and one in the negative direction. In the ISSP 2003/2004, an earlier version of the BFI-10 was used, in which one item assessing Agreeableness differed from the final BFI-10 questionnaire (cf. Rammstedt & John, 2007) . This exchange was made because the Agreeableness scale proved to possess somewhat higher validity with the item ''. . .tends to find fault with others" included instead of ''. . .can be cold and aloof". In accordance with the response format used throughout the ISSP questionnaire, all items used five-point Likert-type response options ranging from fully agree to fully disagree. Although this response scale differs in its orientation from the standard BFI-10 format (fully disagree to fully agree), a previous study showed that reversing the direction of the response scale does not change the quality of the resulting responses (Rammstedt & Krebs, 2007) . All ten items were re-coded for the present analyses so that fully disagree was scored as 1 and fully agree as 5. , the scree test was less clear, suggesting either a five-or a six-factor solution. To keep our analyses aligned with the Big-Five model, we chose to extract five factors in both cases. As it is standard in Big Five research, all solutions were subsequently rotated to simple structure using the varimax criterion. The explained variance was 68% in both samples. The first ten columns of Table 2 show the rotated factor loading matrices of the ten BFI-10 items in each of the two data sets; in this and all subsequent tables, pairs of items measuring the same factor are re-ordered and listed in adjacent rows.
Results
Factor structure of the original responses
In both samples, the rotated five-factor structure did not correspond to the typical Big Five pattern. The first factor of the ISSP 2003/2004, for example, shows high loadings of the two Extraversion items, but also of the two Openness items. Moreover, the loadings patterns differ substantially between the two data sets. The overall congruence of the two factor solutions with an idealized Big Five pattern (consisting of +1, À1, and 0 loadings only) was only .70 and .61 in each of the two data sets. 
Factor structure of individuals with different levels of education
The results for the total sample reveal that the Big-Five factor structure does not replicate in population-representative samples. To see if this structure can at least be replicated for some educational strata of the population, we split each of the ISSP samples into three distinct groups: (1) no or lower secondary education (N = 1063 and N = 1330, respectively); (2) intermediate secondary education or entrance qualification for universities of applied sciences (N = 1026 and N = 1358, respectively); and (3) higher secondary education, i.e. those with an entrance qualification for general universities or with a university degree (N = 438 and N = 689, respectively). We then investigated the factor structure of the BFI-10 separately within each of these subsamples.
Tables 2-4 provide the factor loadings for each of three subsamples differing in level of education: little or no formal education (Table 3) , an intermediate degree of formal education (Table 4) , and higher levels of education (Table 5 ). In the two subsamples of respondents with the least education, scree tests suggest factor structures with six rather than five dimensions. Extracting only five factors explained 68% of the variance in both samples. The factor loadings (the first ten columns of Table 3 ) of the 10 items do not conform well to a Big Five pattern in either sample. For both subsamples with intermediate educations, the scree tests also suggest six rather than five factors. Five-factor solutions again explained 68% of the variance in both samples. As can be seen from the rotated factor loading matrices shown in Table 4 (the first 10 columns), a clear five-factor structure does not emerge in either sample.
For the two highest educated subsamples, scree tests suggest extracting five factors. The proportion of explained variance based on the five-factor solution was 71% and 69%, respectively. The rotated factor loadings for the two samples are listed in the first ten columns of Table 5 . For both samples, the factor loadings can unambiguously be interpreted in terms of the Big Five. All items load highest on their corresponding factors, forming clear simple structures in both samples. The congruence coefficients with the idealized structure were .95 and .93, respectively, for the two ISSP subsamples, and all congruence coefficients of single factors were significant and at least .90 or higher. Thus, the factor structures for samples with higher education are in excellent agreement with the target five-factor structure.
To test whether the data from the less well educated subsamples might not be able to be wrenched into shape by the use of . Let X be the ideal Big-Five factor loadings and Y the corresponding empirical varimaxrotated factor loadings of some sample of persons. To find the critical value of c for the nullest of all null hypotheses, we computed the first five principal components of the intercorrelations of 10 variables, each consisting of 100 cases drawn from a rectangular random distribution. Then, we removed meaningless differences of X and Y by an optimal permutation (out of 120 possibilities) and reflection (out of five possibilities for each permutation) of the columns of Y. That is, c is computed for X and YPR, where P is a permutation matrix and R a reflection matrix that maximize c. Repeating this simulation 1,000 times, we found that if one wants to be 99% certain that the congruence of X and YPR is ''significant", c should be greater than 0.61. Similar simulations where Y is fitted to X by the much wider class of orthogonal Procrustes transformations (Gower & Dijksterhuis, 2004) show that c should be greater than .78 to reject random congruency with at least 99% confidence. Yet, these statistical benchmarks are only weak lower bounds for deciding that Y replicates X, because Lorenzo-Seva and Ten Berge (2006) have shown that seasoned factor analysts are likely to interpret X and Y as ''fairly" similar only if c is at least .85. Assessments of ''good" replications even require congruence values of at least .94. Hence, ''this result should prevent congruence below .85 from being interpreted as indicative of any factor similarity at all" (Lorenzo-Seva & ten Berge, 2006, p. 10).
Table 2
Varimax rotated factor structures of the BFI-10 items (raw data): total samples. Note: Highest loadings of each item set in bold; significant congruence coefficients in italics. Table 3 Varimax rotated factor structures of the BFI-10 items (raw data) for persons with no or little formal education. Note: Highest loadings of each item set in bold; significant congruence coefficients in italics.
Table 5
Varimax rotated factor structures of the BFI-10 items (raw data) for persons with high degrees of formal education. Note: Highest loadings of each item set in bold; significant congruence coefficients in italics. Table 4 Varimax rotated factor structures of the BFI-10 items (raw data) for persons with an intermediate degree of formal education. 
Individual differences in acquiescence response bias
The results of the previous analyses reveal that the Big-Five factor structure only seems to replicate for respondents with higher educations. As hypothesized, one possible explanation for this finding is that the responses of the different subsamples are affected by an additional sources of variance, namely by differential tendencies for acquiescence response bias. To test this conjecture, an acquiescence index was computed for each respondent. The BFI-10 has two balanced keyed items for each of the Big-Five factors. For example, Extraversion is assessed by the items ''I see myself as someone who is reserved" and ''I see myself as someone who is outgoing, sociable." The responses to these items should be symmetrical about the answer scale's middle category if an individual is responding consistently to the content of the two items. Acquiescence, in contrast, should result in a positive mean score of the two items if the answer scale is coded from +2 to À2, or a mean rating greater than 3 if the answer scale is coded from 5 to 1, indicating that agreement to the positive item is stronger than rejection of the negative item. Because there are five item pairs, we used the mean over all items to estimate each individual's acquiescence response tendency.
Using this index, we tested whether less educated respondents demonstrated more acquiescence than persons with higher education. As shown in Table 6 , this is indeed the case in both samples (F(2, 2529) = 26.24, p < .001 and F(2, 3288) = 13.50, p < .001, respectively). Moreover, the variance of the acquiescence indices is also significantly greater for lower educated persons than for persons with higher education (F(2, 2529) = 16.91, p < .001 and F(2, 3288) = 8.70, p < .001, respectively, by Levene's test for equality of variances). Hence, acquiescence is not a universal or uniform response tendency for the lower educated, but rather it affects the scores of some individuals but not those of others.
Factor structures after controlling for acquiescence
An obvious hypothesis is that acquiescence tends to attenuate the patterns of correlations among the items that are based on the items' content, so that statistically controlling for acquiescence should result in factors that better conform to the usual Big Five pattern. To test this hypothesis, we controlled for the individual mean responses by the use of ipsatized scores or within-person Table 7 Varimax rotated factor structures of the BFI-10 items (ipsatized data) for the total sample and for persons with no or little formal education, respectively. Note: Highest loadings of each item set in bold; significant congruence coefficients in italics.
standardization (e.g. Ashton et al., 2004; Goldberg, 1990 Goldberg, , 1992 McCrae, Herbst, & Costa, 2001; ten Berge, 1999) . That is, for each respondent we subtracted the person's mean across all ten items from each response and then divided these deviation scores by the individual's standard deviation across all items. As described above, we also used the alternative and more conservative approach of controlling only for the individual mean responses (without a standardization by the individual standard deviation). Using both types of data, we repeated the factor analyses for the two total samples and for the three subsamples with differing educational levels. For both types of data, in all samples and for each of the three educational levels, scree tests suggested extracting five factors. The five-factor solutions accounted for 69% to 76% of the variance. The varimax-rotated factor loadings for the ipsatized data are shown in Tables 7 and 8 . Results for the mean-correction are highly similar and not reported here. Results show that for both methods of correction clear Big Five patterns emerged in all samples and in each of the three educational levels. All items loaded highly on their corresponding factors and few had substantial loadings on any other factor. More objectively, the congruence coefficients were now all above .90 -mostly well above that -both for the whole factor loading matrices and also for each individual factor.
Discussion
Because most Big Five questionnaires are validated in student samples, the present study investigated the extent to which the Big-Five factor structure replicates in samples that are more heterogeneous with regard to the educational background of the respondents. Based on two large random samples that are representative of the German adult population, we only partially replicated the factor structure predicted by the Big Five for both samples. We then tested if this finding is related to the persons' educational background. Splitting the samples into three subgroups based on the respondents' educational background clearly revealed that for persons with no, low, or intermediate secondary education, the Big Five questionnaire did not result in the typical Big-Five factor structure. However, for persons with higher secondary education (i.e., those with a general university entrance qualification or with a university degree), and thus for samples comparable to the previously mostly investigated student samples, the five-factor structure replicated clearly. These results suggest that factor structures appear to be highly sensitive to a person's educational level. Soto and colleagues (2008) recently showed that children and adolescents exhibit a greater variability in acquiescence response bias, which, as an additional source of variance, influences the psychometric properties of their personality ratings. Several earlier studies (e.g., Krosnick et al., 1996) suggested that individual differences in acquiescence bias are correlated with social status and education. Hence, we hypothesized that the failure to replicate the usual Big Five structure for persons with lower education is due to their increased likelihood for response bias. The data indeed revealed that acquiescence is higher for those respondents with lower education. Moreover, controlling for acquiescence clearly diminished the differences in the factorial structures between the educational groups and yielded five-factor structures for all educational levels that were clearly interpretable in terms of the Big Five.
The effects of acquiescence response bias can be explained in many different ways. One possibility is that the less educated are not as used to thinking abstractly and to considering the hypothetical but rather are tied more to the concrete and immediate (Flavell, Miller, & Miller, 1993; Toomela, 2000 Toomela, , 2003a Toomela, , 2003b . These competencies are assumed to be related to a respondent's likeli- Table 8 Varimax rotated factor structures of the BFI-10 items (ipsatized data) for persons with intermediate and high degrees of formal education, respectively. Note: Highest loadings of each item set in bold; significant congruence coefficients in italics.
hood to arrive at meaningful judgments that describe him-or herself in relatively abstract psychological terms. Hence, their judgments should be more affected by systematic response biases such as acquiescence (cf. Goldberg, 1963; Soto et al., 2008) . Future researchers may investigate the extent to which the present findings with regard to educational biases can be further extended to other socio-demographical and/or psychological differences among respondents. Moreover, future studies should test the effects of controlling for acquiescence, either by the use of deviation scores or standard scores, on the construct validity of the measures.
In future research, we also need to investigate in more detail the causes of individual differences in response-scale usage among persons with different educational backgrounds. Specifically, we need to understand how respondents of different educational levels understand and answer personality items more generally. One approach could be to conduct cognitive interviews (e.g., Willis, 2005) in which the respondents think aloud while answering the items. Another method involves the comparison of different forms of items or rating scales to discover those formats that are least sensitive to response biases and thus to differences among persons of different educational levels. What we should not do in the future, however, is to ignore such effects and assume that questionnaires validated on undergraduates will also be appropriate for everyone else.
One limitation of the present study is that it is solely based on results of a single and extremely short Big-Five instrument; future studies should aim to replicate the present findings with more heterogeneous and longer Big Five scales. An even more important limitation of the present research is that it is based on a measure that is completely balanced in its content keying across each of the five dimensions. The use of fully ipsatized or deviation scores will only be effective to the extent to which the item pool is so balanced. Otherwise, the removal of respondents' mean scores will also remove substantive content that is confounded with acquiescent response bias. In unbalanced item pools, the most extreme being those that include only items all scored in the same direction of one or more content dimensions, it may be impossible to unconfound (and thus eliminate) individual differences in response bias.
In sum, our findings based on two large samples representative of the German adult population clearly showed that the five-factor structure is sensitive to educational effects and that these effects seem to be due to a more pronounced tendency for acquiescent responding in less well-educated respondents.
